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Population Genetics of the CommonSquid Loligopealei

LeSueur, 1821, from Cape Cod to Cape Hatteras
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Abstract. Collections of Loligo pealei LeSueur, 1 82 1

from the Atlantic seaboard between Cape Hatteras and

Georges Bank differ significantly in both allele and geno-

type frequencies at the phosphoglucomutase locus. Lol-

igo pealei collected off the coast of Virginia are distinct

at this locus from all other areas surveyed. Loligo pealei

collected from Georges Bank also differ significantly at

this locus from those collected inshore off Cape Cod.

These results suggest that L. pealei along the Atlantic sea-

board consists of several distinct populations. A compar-
ison of allele frequencies at nine allozyme loci among
L. pealei, Loligo plei Blainville, 1 823, and Lolliguncula

brevis (Blainville, 1823) reveals that L. pealei differs

completely from L. plei at five loci, L. pealei from L.

brevis at six loci, and L. plei from L. brevis at three loci.

Introduction

Data collected over the past one hundred years still

present a confused picture of the stock
4

characteristics

of the common squid Loligo pealei LeSueur, 1821. The
existence of two major discrete "groups" and a third

"mixed group" has been demonstrated repeatedly in size

frequency data from squid caught in the region extend-

ing from Georges Bank to Cape Hatteras. This size struc-

ture has been explained by invoking different sub-species

(Verrill, 1882), brood stocks (Summers, 1971), or alter-
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In this paper we use the term "stock" as defined by Ihssen ct ai

(1981): "An intraspecific group of randomly mating individuals with

temporal or spatial integrity."

nate generations (Mesnil, 1977). In addition, there is

some uncertainty as to how many species this taxon rep-

resents throughout its range (Cohen, 1976; Summers,

1983). In reviewing the assumptions needed for statisti-

cal analysis of population structure based on size fre-

quency distributions. Summers ( 1 983) points out that L.

pealei is not homogeneous either throughout its latitudi-

nal range, across the continental shelf, through time at a

single station, or even between successive tows. All of

these data suggest that there are genetically discrete pop-

ulations which are isolated by seasonal or geographic

spawning differences. The single fishery "stock" or "pop-
ulation" of L. pealei on the eastern seaboard (e.g., Lange
and Sissenwine, 1980, 1983) probably consists of several

stocks or populations.

To date, biochemical genetic data have not been ap-

plied to the problem of stock structure in Loligo pealei.

In this study we used allozyme data to clarify the popula-

tion or stock structure of this species along the northeast-

ern coast of the United States. In the process, we also

present a biochemical genetic comparison of L. pealei

with the morphologically similar Loligo plei Blainville,

1823, and with Lolliguncula brevis (Blainville, 1823).

Materials and Methods

Squid were collected by trawl nets from research ves-

sels of the Marine Biological Laboratory and the North-

east Fisheries Center of the United States National Ma-

rine Fisheries Service (NMFS). Collection data for the

trawl stations are listed in Table I. The location of these

stations is illustrated in Figure 1. For purposes of analy-

sis, mainly to increase sample sizes, these trawl samples

were grouped into six regions [North Carolina, Virginia,

Delaware, Woods Hole, Cape Cod, and Georges Bank

(Table I)], which we subsequently treated as six separate

samples. With the exception of station 45, stations were
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Region
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Figure 1. The location of the National Marine Fisheries Service trawl stations from which squid used

in this study were collected. See Table I for collection data. WH= Woods Hole, MA.

pealei and another that was electrophoretically distinct

from L. pealei. Wesuspected that these squid were Lolli-

guncula brevis and Loligo p/ei, respectively. Loligo plei

is morphologically very similar to L. pealei, and the two

species are not easily separated on morphological

grounds (Cohen, 1976; Whitaker, 1980; Summers, 1983;

Hanlon, 1988). Since the ranges of L. pealei and L. p/ei

overlap in our study area (Whitaker, 1980), it is impor-

tant that we demonstrate that we can consistently iden-

tify L. p/ei electrophoretically and that we have not acci-

dentally included specimens of this species in our study

of L. pealei. To confirm the identities of these species in

our collections we obtained known specimens of L. plei

and L. brevis from Dr. Roger Hanlon of Galveston,

Texas. These Texas specimens were compared directly,

on the same gels, to our specimens of L. pealei, L. p/ei,

and L. brevis for the nine loci listed above.

Results

Population genetics o/Loligo pealei

Significant variation in squid size distributions existed

among trawl samples both within and among regions.

Out of a total of 55 pair-wise comparisons among the

1 1 trawl samples taken in October 1985, all but 5 were

significantly different in variance or mean size (P < .05).

Banding patterns for all loci surveyed conformed to

Mendelian expectations (Harris and Hopkinson, 1976).

Heterozygotes for PGMwere found in both males and

females, indicating that this locus is not sex linked. Al-

leles, allele frequencies, and sample sizes for the collec-

tions of Loligo pealei from all six regions are listed in

Table II. Phosphoglucomutase genotype frequencies for

all regions are given in Table III.

On the whole, Loligo pealei possessed very low levels

of genetic variation. Of the 19 loci surveyed, variant al-

leles were found only in PGM, ME, MDH-2, IDH, GOT-
1, and PGI-2. However, of these six loci, the frequencies

of the variant alleles were 1% or less in all but PGMfor

which the maximum frequency of variant alleles in any

region surveyed was only 7.5% (Georges Bank, Table II).

Combining the data over all collections, only 5% of all

loci surveyed in L. pealei were polymorphic at the 1%

level and the average heterozygosity per individual was

only 0.6%.

Given the low levels of genetic variation present in the

collections of Loligo pealei surveyed, it is unlikely that

differences in allele frequencies among the collections

will be significant. Only PGMis polymorphic enough to

reasonably give significant results with these sample
sizes. No significant differences in allele or genotype fre-

quencies were found among stations within regions for

any locus. Among the three Woods Hole collections,

which represent squid hatched in three different years

(1983, 1984,and 1985) no significant differences in allele

or genotype frequencies were found at any locus.

Individuals possessing allelic variants generally did not

differ significantly in size from other squid from the same

trawl; the exceptions being squid possessing PGMallele

1.18 from Georges Bank, which had a significantly larger

mean length than squid which did not possess this allele

(P< .05), and squid possessing MEallele 1 .05 at Georges
Bank and PGMallele 1.18 at Woods Hole (May 1985),

which both had significantly larger variances than the re-

maining squid in each sample (P < .05).
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Table II

Allelc frequencies, and sample sizes in number ofalleles surveyed (in parentheses) for collections of Loligo pea\e\ from the northwest Atlantic.

Alleles are expressed us migration rale relative to the most commonallele

Locus
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notype frequencies, the Virginia sample is significantly

different from the samples from all other regions (P

< .05). In addition, the Georges Bank sample is signifi-

cantly different from its nearest neighbor. Cape Cod, in

PGMgenotype frequencies (P < .05). All other pair-wise

comparisons of regions for PGMand all other loci gave

nonsignificant results for both allele and genotype fre-

quencies.

Taxonomy

Alleles, allele frequencies, and sample sizes for the

comparison of allele frequencies in Lo/igo pealei. Loligo

plei. and Lolliguncula brevis are listed in Table IV. Our

specimens of L. plei and L. brevis were electrophoreti-

cally identical to the Texas specimens of these species for

all loci surveyed.

Sample sizes for Loligo plei and Lolliguncula brevis

were small (eight individuals apiece) and alleles with fre-

quencies lower than approximately 6%were not likely to

have been detected. However, all loci surveyed, with the

exception of IDH, PGI-2, and MDH-1, showed fixed al-

lelic differences among species such that individuals of

all three species can be identified easily and unambigu-

ously solely on the basis of the alleles they possess at these

diagnostic loci. Loligo pealei differs completely from L.

plei at five loci, L. pealei from L. brevis at six loci, and L.

plei from L. brevis at three loci (Table IV). Nei's genetic

distances (Nei, 1972) for pair-wise comparisons of the

three species are: .8 1 for L. pealei vs. L. plei, 1 . 10 for L.

pealei vs. L. brevis. and .40 for L. plei vs. L. brevis.

Discussion

Generally, biochemical genetic data, of the kind re-

ported here, are much more appropriate and effective in

determining population or stock structure than are size

frequency data (Ihssen et al, 198 1 ). Size and growth rate

are both affected by numerous environmental factors

such as temperature and food quality or availability

(Hixon, 1983; Ihssen el al., 1981). Thus individuals from

the same population or stock can differ significantly in

these measures if they experience different environ-

ments. This is particularly a problem with Loligo pealei,

which appears to have a rather extended spawning and

hatching period (Summers, 1971; Lange and Sissenwine,

1980, 1983). Biochemical genetic data are typically not

directly affected by the environment and thus serve as

a permanent and direct measure of genetic relatedness

among collections or populations (Ihssen et al.. 1981;

Avise, 1974; Ayala, 1983). This technique has, therefore,

shifted from an optional to a primary position among
methods used in studies of population or stock structure

( Ihssen et al.. 1981).

The low level of genetic variation found here in Loligo

pealei limits the effectiveness of this technique in deter-

mining population structure in this species since only
one locus (PGM) was polymorphic enough to detect

differentiation among collections with reasonable sam-

ple sizes. Nevertheless, for this locus, significant differ-

entiation was detected among collections. The pattern-

ing of this differentiation suggests that L. pealei in the

northwest Atlantic is comprised of at least three popula-
tions. Genetically, the Virginia sample is distinct from

samples from all other regions included in this study and

the Georges Bank sample is distinct from its nearest

neighbor. Cape Cod. However, given that L. pealei are

migratory and highly mobile (Lange and Sissenwine,

1983), it is unlikely that the spatial arrangement of these

populations is constant.

Previous studies on the population or stock structure

of Loligo pealei. based on size frequency distributions,

have postulated two groups of squid which may or may
not be genetically isolated (Verrill, 1882; Summers,
1971;Mesnil, 1977; Lange and Sissenwine. 1980, 1983).

Wecan find little genetic evidence for this structure. In

no trawl sample was there an obvious bimodality in size

frequency distributions. Nor did we find significant gene

frequency differences among the three Woods Hole col-

lections. While we found exceptional amounts of varia-

tion among trawl samples in size frequency distributions,

there is no overall correlation between mean size and

PGMgene frequency (r = .02, P < .05). The fact that

the Virginia trawl samples (which are genetically coher-

ent and, as a whole, distinct from all other regions) are

heterogeneous in size frequency (P < .05) indicates that

size frequency is not a good indicator of population

structure in L. pealei. It is possible that size frequency
differences among samples are due to differences in envi-

ronmental factors experienced by different groups of

squid or differences in sex ratio among groups [male L.

pealei tend to grow larger than females (Mesnil, 1977)].

Whether size frequency differences are due to environ-

mental differences, sex ratio differences, or differences in

spawning time, they do not seem to be associated with

significant restrictions in gene flow.

The differences in size distributions between individu-

als possessing different alleles that was found in several

trawl samples is interesting, but the small number of al-

lelic variants obtained in any one sample makes analysis

difficult. These differences in size distributions may be a

result of selective forces acting on alleles or may indicate

that our trawl samples were composed of a mixture of

squid populations which differ in both size and allele fre-

quency. In this latter case, this data would be evidence

for the population structure postulated by previous

workers (Verrill, 1882; Summers, 1971; Mesnil, 1977).

The degree of interpopulational genetic differentiation

reported here is almost certainly a minimum value for
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Table IV

Allele frequencies at nine loci in three species of squid

Locus
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Genetic variability in squid
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